Coccidioides immitis appears to be unable to digest particulate collagen when cultured on collagen-containing semisolid culture media. However, all C. immitis strains solubilized collagen when the fungus was grown in liquid suspension cultures. Moreover, sterile culture filtrates were collagenolytic in collagen-buffer-agar plate assays.
Digestion of collagen by fungi is an uncommon finding. Survey studies conducted by Rippon and Lorincz (6) reported that only a single Trichophyton species among 30 different fungal species was capable of collagen digestion when tested via the Czapek collagen agar system. All of the major dimorphic mycotic pathogens, excluding Coccidioides immitis, were included in their study. C. immitis was not examined in the Rippon and Lorincz survey; consequently, we studied the collagenolytic activity of this fungus. We have previously reported that C. immitis appeared to be unable to digest collagen when grown on semisolid agar containing either chemically defined or complex culture medium (P. Nziramasanga and D. Lupan, Abstr. Annu. Meet. Am. Soc. Microbiol. 1983, F8, p. 384). Since that presentation, we have observed that C. immitis can hydrolyze particulate collagen when the organisms are cultured in solutions containing suspended collagen. The purpose of this paper is to report our findings and establish the frequency of collagenolytic activity among isolates of C. immitis.
(A portion of this study was presented at the 85th Annual Meeting of the American Society for Microbiology, Las Vegas, Nev., 1985.)
Twenty strains of C. immitis were used in this study. Nineteen of the strains were originally supplied by Milton Huppert (now deceased), and a single strain (R103) was recently isolated from clinical specimens collected at a local hospital. All strains were maintained as stock cultures on Sabouraud agar and were used to inoculate both semisolid and liquid cultures containing collagen. Particulate bovine collagen (Miller type 1) was added to Czapek broth, with or without agar, to yield Czapek collagen agar (CCA) or Czapek collagen suspension broth (CCSB). Both were used to determine the collagenase activity of C. immitis. Czapek agar containing 0.5% (wt/vol) collagen (Sigma Chemical Co., St. Louis, Mo.) was sterilized by heating for 15 min at 121°C and poured into separate halves of bi-petri plates. Three different agars (bacteriological grade and Noble agar from Difco Laboratories, Detroit, Mich., and agarose type 1 from Sigma) were tested to determine if the type of agar affected collagenolytic activity. The plates were point inoculated and incubated at 30°C in a humid chamber for 7 days. Proteolysis of collagen in agar cultures appears as a zone of clearing of the particulate collagen surrounding the fungal colony (6) .
CCSB lacking agar (50 ml) was placed in 125-ml Erlenmeyer flasks and sterilized by autoclaving. The culture solutions were inoculated with stock cultures of C. immitis and incubated at 30°C with gyratory agitation (200 rpm) until * Corresponding author.
all of the suspended collagen disappeared (approximately 3 days). The coccidioidal cells were removed from the solution by filtration, and the sterile filtrates were tested for collagenolytic activity via a plate assay.
The plate assay for collagenolytic activity consisted of particulate type 1 collagen (2%, wt/vol) suspended in Trismaleate buffer (0.1 M, pH 8.5, 37°C) and solidified by the addition of bacteriological-grade agar. Wells were cut in the agar, and 250-,ul portions of the test culture filtrates were added to the wells. The plates were incubated overnight at 37°C. Collagenolytic activity was readily visualized after the undigested collagen was stained with a 1% solution of Coomassie brilliant blue G (Sigma).
None of the strains appeared to solubilize collagen when C. immitis was grown on a chemically defined semisolid culture medium containing collagen (Fig. 1) . All of the strains grew on CCA test medium, and upon close examination of the bi-petri plates, a faint suggestion of collagen hydrolysis at the periphery of some fungal colonies was observed. However, the hydrolysis was not distinctly de Inasmuch as our experimental protocol was similar in part to the design of Rippon and Lorincz (6), it is possible that some of the fungi they reported as noncollagenolytic could be positive when tested with different culture techniques. In any case, C. immitis appears to be unique among the pathogenic fungi in its ability to utilize collagen.
Presently, we do not know if collagenolytic activity is due to a specific fungal collagenase (5) or is the result of a protease with broad specificity (2, 3) . It is possible that collagenolytic activity is due to coccidioidal elastase (4). A similar finding has been reported for bacteria (8) and fungi (1) . Perhaps the presence of a protease with broad specificity gives C. immitis a metabolic advantage when it encounters different substrates while growing as a saprophyte or parasite.
